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ABSTRACT 
Potential for Cattle Grazing on Sheep 
Range in Southwest Utah 
by 
Jose S. Gutierrez-Garza, Master of Science 
Utah State University, 1978 
Major Professor: Dr. Brien E. Norton 
Department: Range Science 
A study was conducted on pastures grazed by sheep in late winter at 
xi 
the Desert Experimental Range in southwest Utah. Estimates of plant cov-
er and herbage production were obtained in 1977 and used to examine long-
term trends in the vegetation. 
The nutritional value of the six most important species of the area 
was assessed by chemical analysis. In addition, a management strategy 
was developed for obtaining some utilization of the range during the 
spring and summer months without affecting the traditional winter use by 
sheep. 
Long-term records (since 1937) in cover suggest a modest increase 
in grasses and a decrease in shrub cover. But there are insufficient 
data to infer range condition and trend. Long-term herbage production 
data (since 1938) show a substantial increase in annual species over the 
last twenty years. The year-to-year variability is very high, apparent-
ly depending on the prevailing climate conditions. Grass production was 
less variable than shrub production. 
xi i 
No significant difference (P<.05) in crude protein content was found 
between shrubs and 9rasses from April to September, which contrasts with 
the later decl1ne in nutritive value of grasses during the winter. Phos-
phorus content was significantly higher in shrubs than in grasses, but 
the high lignin content of shrub forage made its digestibility signifi-
cantly lower than for grasses. 
Based on the nutritional analysis of forage and long-term records 
of climate and plant production, a management strategy was devised to 
make more efficient use of the salt-desert shrub vegetation. Climatic 
conditions will favor good forage production about four years out of ten. 
Perennial grasses, annua l s, and winterfat (Ceratoides lanata) showed 
better response to favorable climatic conditions than the other species. 
It is proposed in this study that, in these years of high production, 
the range could be used by catt l e in the spring or summer, and t hereby 
al l ow occasional resting of mountain summer pastures. Such opportunistic 
summer graz i ng on t he desert shou l d not be detr imental to wi nter sheep 
grazing, but the plan would need to be field-tested on an experimental 
or trial basis to evaluate ecological responses to increased livestock 
use . 
(91 pages) 
INTRODUCTION 
Livestock was first introduced to the West by the Spaniards via 
Mexico, Cuba, and Florida (Clawson 1960). The first cattle in Utah came 
with the Escalante Exploration Party on their way to Oregon (Walker 1964) . 
Cattle and horses were allowed to graze free and often ran wild on the 
ranges (Clawson 1960). Until 1870, growth of the livestock industry in 
the West was relatively slow; but the slaughter of most of the buffalo, 
subjugation of the Indian, and the completion of the first transconti-
nental railroad set the stage for the rapid growth of the cattle indus-
try in the 1870's (Clawson 1960). 
Not long after the cattle boom came millions of sheep. In 1889 
there were one million sheep in Utah; by 1899 the number had reached 
four million. After 1899, sheep numbers began to decline, as elsewhere, 
and continue to do so (Arrington 1964). 
During those years, no thought was given to conservation; the ex-
plorers and the early pioneers were optimistic about a never-ending 
supply of forage (Heady and Bartolome 1977). A proof of their optimism 
is the statement made before 1870 by General L. P. Bradley: " I be-
lieve that all the flocks and herds in the world could find ample pas-
turage on these unoccupied plains and the mountain slopes beyond ... " 
(Stewart 1924). But the supply did run out and the livestock overgrazed 
the forage to the extent that accelerated deterioration set in. 
These public lands first came under conservative management with 
the passage of the Taylor Grazing Act on June 28, 1934. By that time, 
unrestricted us e by livestock had materially reduced the grazing value on 
much of t he desert. The most valuable forage speci es had decl ined in 
number and vigor and inferior species had increased (Stewart et al. 
1940). In 1934, some herds were removed from the range and the remainder 
assigned to separate range allotments, each with its permitted amount of 
use. Under the supervision of government agents in the Bureau of Land 
Management (and its predecessor, the Federal Grazing Service), the 
grazing land slowly recovered i n condition and the sheep and cattle in-
dustries prospered at those lower levels of grazing pressure. During 
the 1960's, however, synthetic threads competed strongly in the tradi-
tional wool market and the price of wool declined. In addition to this 
adversity, in 1972 the sheepmen were deprived of freedom in the control 
of predators, chiefly the coyote, and lamb losses were heavy. Raising 
sheep demands a substantia l investment in skilled herders, and the 
cost of this labor has risen at a greater rate than the recovery in 
wool prices. As a result of these developments, there was, and still is, 
a trend away from sheep and towards more secure cattle operations, which 
do not have to deal with predation problems, competition from synthetics, 
and labor difficulties . As sheep numbers dropped and sheepmen went out 
of business, some of the allotments were turned over to use by cattle. 
However, the damage inflicted during the period of free and unmanaged 
grazing is st ill evident in many places and most of the desert produces 
less than its capability (Stewart et al. 1940; Hutchings 1966). 
Since the early days of the sheep industry in the West, the drier 
portions of the region have been used for winter grazing. In October 
most of the sheep within the region are trailed 80 to 320 km from the 
spring-fa ll ranges to the winter ranges, returning over the same trails 
in April and May (Hochmuth et al. 1942). 
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The Desert Experimental Range, a unit of th e Intermountain Forest 
dnd Range Experimental Stati on, mainta ined by t he U.S. Forest Set' vice, 
was established in 19 33 to study the major phases of winter range manage-
ment. Twenty-fi ve thousand hectares of representative winter range in 
the salt -desert shrub area of western Utah were selected and fenced into 
allotments and experimental pastures (Hutchings and Stewart 1953) . In 
order to know the effects of graz ing intensity on herbage production, 
twenty fenced range pastures were established. Six of the twenty pas-
tures are grazed lightl y, six moderately, and six heavily during either 
one or a combination of two grazing periods of the winter grazing season 
as follows: early, middle, late; early and middle; early and late; and 
middle and late winter. These periods were arbitrarily established by 
dividing the winter grazing season into three equal periods of about 50 
days (Hutchings and Stewart 1953). 
Estimates of herbage production were taken every year from 1938 to 
1945 at the Desert Experimental Range. The same data were taken again in 
1947, 1957, 1958, 1967, and 1973 to 1975 (Norton 1975) . It is reason-
able to expect that under heavy grazing the amount and proportions of 
shrubs have decreased and perennial grasses increased, due to the graz-
ing habits of sheep. These animals have preference for forbs and browse 
and less readily consume grasses (Cook and Harris 1950; Cook et al. 1948; 
Cook et al. 1965). De Alba (1971) and some other authors (Cook and 
Harris 1950; Stoddart et al . 1975; Robertson and Torell 1958; Connor et 
al . 1963; Cook et al. 1967) have reported that cattle prefer to consume 
grass, with forbs and browse of lesser dietary importance. 
Because of changes of vegetation, it is possible that parts of the 
range are now more suitable for grazing cattle than for grazing sheep. 
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When this proposition i s expressed in the context of the tendency of 
ranchers to switch from sheep to cattle ranching for economic reasons, 
it generates a need to know more about the su itability of this tradition-
al sheep range for bovine stock. 
Since supplemental feed on the range is expensive and reduces the 
economic feasibi lity of the operation, it is of primary importance to 
know the nutritional value of the forage th roughout the year in order to 
determine when the animals do not need to be supplemented and avoiding, 
as far as possible, the seasons which the animals should be supplemented. 
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OBJECTIVES 
l . To determine the historical impact of sheep grazing on the pro-
ductivity of forage in salt-desert shrub vegetation. 
2. To determine the nutritional value of the most important spe-
cies in the community from May to September . 
3. To develop a strategy of management whereby use could be made of 
the range during the summer without affecti ng sheep winter grazing. 
With this information, it is hoped to answer the question of 
whether common use of both sheep and cattle is the best management 
strategy for sa lt-desert shrub vegetation. 
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LITERATURE REVIEW 
Desert ranges of the Great Basin area support about 9 million cattle 
and sheep for 5 to 6 months each winter; many of these same ranges re-
ceive limited use by cattle yearlong (Cook 1971). 
Desert vegetation generally grows only during the spring and early 
summer and is in a state of dormancy during the remainder of the year, 
unless substantial summer rains occur. On the arid salt-desert shrub 
ranges, the paramount importance of precipitation and water relations is 
readily apparent from the wide fluctuations in herbage yields (Hutchings 
and Stewart 1953; Wilkin 1973). High variability in precipitation is 
normal and many plants, especially invading species, die during extended 
periods of subnormal precipitation (Hutchings 1966) . This type of veg-
etation serves as a maintenance area for breeding or gestating livestock, 
so nutritional requirements are relatively low {Holmgren and Hutchings 
1972). 
The nutrient content of the different plant spec ies during the 
growing season varies. There is general agreement among investigators 
that range grasses and forbs are high in protein and phosphorus in early 
growth stages, but as the season advances these nutrients decrease to a 
low level (Cook and Harris 1968). Ce llulose, crude fiber, and lignin 
exhibit somewhat the opposite trend; they are relatively low in early 
stages of growth and high at maturity. Seasonal changes of other 
important nutrients are variable. Studies indicate that the nutrient 
content of shrubs does not undergo as great a seasonal change as does 
that of forbs and grasses. Shrubs maintain higher levels of protein, 
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rat , calcium, and phosphorus during the winter than do grasses and forbs, 
lut gr'asses are hi gher in cellu lose and crude f i ber (Coo k et al. 1954; 
:oo k and Harris 1950 ; Cook and Harris 1968). 
Many factors need to be considered in appraising the nu t ri lion a 1 
ta 1 ue of range forage and its ability to meet anima 1 requirements. Such 
factors as type and quality of forage, type of livestock, phase of pro-
juction and condition of animal s all have profound effects upon the type 
Jf management and nutritional level that are most suitable. 
The nutritive value of an individual plant can be considered only 
"elative because that value is subject to change according to the com-
oination in which the plant is used with respect to other associated 
species. There is much variability in the species composition of live-
stock diets on winter ranges and the consequent nutrient value of indi-
vidual plants varies accordingly (Taylor 1962). 
The foraging sheep 's diet may change materially from day to day, 
depending on many interrelated factors. Sheep prefer certain plants 
and certain portions of the plants in different plant associations. 
The preference and amount consumed may vary with soil, site, vegetation 
type, plant composition, season, and intensity of grazing (Cook et al. 
1948). On ranges that produce forage of low quality, the amount of 
feed cons umed daily often determines whether or not a nutritional 
deficiency occurs in the diet of the grazing animal (Sharp 1949 ; Green 
et al. 1951). 
Although chemical content of the forage is a good index of forage 
quality, it is not necessarily equivalent to nutrients assimilated. 
Only when accompanied by digestibility determinations can the avail-
abil ity of measured nutrients be ascertained (Cook et al. 1951; DeBano 
1957}. 
The dominant pe rennial shrubs in the sa lt-desert shrub vegetation on 
the s tudy area are Ceratoides lanata, Atri plex confertifoli a, and 
Artemisia sp inescens. Perennial grasses include Spo robolus cryp tand rus, 
Oryzopsis hymenoides, and Hilaria jamesii (No rton 1975) . 
The nutritive value of thes e six species, and some others, have been 
s tudied intens ively during the late fall, winter and early spring (Cook 
et al. 1967; Cook et al. 1959 ; Cook et al. 1965; Piper 1958; Cox 1952; 
DeBano 1957). There is not a s ingle report, however, on nutrient anal-
ysis of these spec ies in the sa l t-desert shrub region during the other 
seasons of the year ; and it i s of primary importance to know the nutri-
tional value from May to ~ovember when exploring strategies for managing 
the range all year long. 
Efficiency of animal production is closely correlated with the nutri-
tional value of the forage available. Consequently, a knowledge of the 
basic nutritional requirements of animals and the ability of range for-
age to supply them is of great significance both to the range manager 
and the rancher whose income depends upon the level of production 
achieved (Arrington 1964). Also, it is important for estimating carry-
ing capacity (Stoddart et al . 1975) and for maintaining ecological 
stability (Harris 1970). 
Deficiencies most common on ranges of the West are protein, energy, 
phosphorus, and carotene. Such deficiencies are more apt to occur when 
forage is mature, during periods of drought, or when overgrazing occurs. 
These deficiencies may appear singly or in any combination (O 'Mary and 
Dyer 1974). 
If forage is not available on desert ranges, livestock have to be 
wintered on farmsteads or in feedlots after they are forced from the 
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mo untains and foothills by snow. Since feeding during the winter is 
exper.s ivc , the re is rea l advantage in prcper1y rr.ar. agi ng the desert 
ranges and conserving the supply of forage for winter grazing (Cook 1971). 
For a sheep operation, since shrub browse is the preferred forage, re-
latively little is lost in nutritional value by winter grazing, while the 
stress to the vegetation is minimized. 
The utilization of desert forage other than during the winter graz-
ing season also requires cautious management. One co uld agree that the 
management needs to be more conservative than for dormant season grazing 
because the forage species could be more susceptible to damage when de-
foliated in the growing season. Carbohydrates produced by photosynthesis 
in new leaves are utilized for growth within those leaves themselves until 
they are essentially mature (Milthorpe and Davidson 1966). Thus, re-
moval of a high proportion of the leaves by grazing animals does not 
leave enough carbohydrates for root respiration, reserve storage as well 
as leaf growth (Sosebee 1977). 
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DESCRIPTION OF STUDY AREA 
The present study was conducted at the Desert Experimental Range in 
Utah. The Experimental Station is located in Millard County in south-
western Utah, about 75 km west of the town of Milford. It comprises ap-
proximately 225 km2 in Pine Valley, a typical basin-and-range graben run-
ning north-south between the Wah Wah Mountains and the Halfway Hills. 
The elevation ranges from 1550 to 2012 m, with the grazed experimental 
pastures falling between 1555 and 1753 m (Norton 1975}. 
The vegetation is typical of about 180,000 km2 of winter grazing 
lands in the Great Basin that are generally referred to as salt-desert 
shrub communities (Holmgren 1973; Branson et al. 1967). 
The soils are loams, sandy loams, or loamy sands; most are skeletal. 
Clay content is low except on the barren playa in the bottom of the val-
ley. The soils have a pH of around 8.0; and the electrical conductivity 
(saturation extract) ranges from less than 1 mmho/cm, in the upper 30 to 
40 em of the profile, to 10 to 25 mmho/cm at greater depths (Holmgren 
1973). 
The ground is frozen most of the time from mid-November into March; 
the aspect of the slope influences the duration of ground frost. The 
average summer frost-free period is about 125 days, from mid-May into 
September. 
The mean annual precipitation is 157 mm. However, about 60 percent 
of the annual precipitation comes as rain and about 40 percent as snow, 
which seldom exceeds 4 or 5 inches in depth, but exceptionally heavy 
snowstorms sometimes occur (Piper 1958). Nearly an inch of snow fell 
10 
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on May 7, 197 7. Average prec ipi t ation over the mo nths of November through 
t·1al"ch i s onl y 45. 2 rrm; another 31 .8 rrm fall s du r ing t he spr-ing month s of 
Apr i l and May on average. The three summer months represent t he wettest 
per iod of the year with a mea n of 52.2 mm, but the hi gh evapo r·ati ve pt·es-
sures at thi s time of the year and the nature of th e rain s (storms ) make 
the average summer rainfall of questionable value to the perennial spe-
cies (Norton 1975). 
Summers are warm and winters are cold. The average daily tempera-
ture range i s wider in the months of summer and ea r ly fall (19 to 20°C) 
than in the months of winter and early spr ing (14 to l7°C), when more 
days and nights are cloudy . A dail y swing of 25°C on the thermometer is 
common in clear weather, and a spread of 28°C on a summer day is not 
unusual (Holmgren 1973). 
Most of the growth of the plants occurs during the spring and summer, 
and they remain dormant during the fall and winter. Some species grow in 
pure stands, as well as in mixtures with other species. This is especial-
ly true of a sod-forming grass, Hilaria jamesii (galleta grass), which 
can completely dominate patches up to half a hectare in area. Ceratoides 
lanata (winterfat) also assumes paramount dominance in some stands, but 
rarely in a monoculture form . 
The vegetation is a mosaic of low shrub and shrub-grass types, about 
25-30 em high. The different types appear to reflect soil differences 
between sites, particularly changing properties of soil water relations. 
The dominant perennial shrubs on the experimental pastures are 
winterfat (Ceratoides lanata), shadscale (Atriplex confertifolia), and 
budsage (Artemisia spinescens) . Perennial grasses include sand dropseed 
(Sporobolus cryptandrus), Indian rice gras s (Oryzopsis hymenoides), and 
12 
gal l eta grass (H il aria j amesii). A brief description of these spec i es is 
gi ven below. 
Artemisia sp i nescens (Compositae) is one of a number of Ar t irnis i as 
on the Desert Experimental Range, of which budsage is most i mportan t . It 
is approximately 15-35 em hi gh, with predominantly shal l ow rooti ng; it is 
summer deciduous. It is nutritious, genera ll y palatable i n late winter, 
but some years it is utilized all winter when fa vorable climatic condi-
tions stimul ate cambial activity in l ate fall, which allows the shoot 
remnants to "slip" from the old st em. It is preferred more by sheep 
than by ca ttl e . 
The new growth of Atriplex confertifoli a (Chenopodiaceae ) is palat-
able, and the persistence of its seeds on the pistil late plant through 
th e winter provides additional nutritional value. Its twigs become 
sharp, dry sp ines at maturity, which makes it an unattractive forage 
plant for sheep who could ut ilize the leaves and fruits in winter . This 
habit prevents utilization of more than 15 to 20 percent of the previous 
summer's total herbage growth. It is not injured by winter grazing . 
Ceratoides lanata is another Chenopodiaceae used by both sheep and 
catt le , but without the morpholigical impediments to grazing character-
istic of shadscale . It is a long-lived plant found generally on better 
so ils. It varies somewhat from year to year in palatability and, con-
seq uently , in degree of use. This species is also nutritious and con-
sidered desirable. 
Oryzops i s hymenoides, a cool season grass, is sometimes green from 
autumn rains when freezing weather comes, and thereby retains a higher 
palatability when other grasses have hayed off. It begins its growth 
again in early spring while the animal s are stil l on the winter range. 
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Thi s speci es i s a highly palatable bunchgrass, and is the mos t desirable 
of the desert g r~sses. In contrast t o t he ot her two important perenni al 
grass es , Indian r ice gras s often has no ol d growth left standing when the 
sheep are ta ken off at th e end of winter. 
Hilaria jamesii and Sporobolus cryptandrus are more variable than 
most other species in amount of annual herbage production; yie ld varies 
with the amount of summer precipitation. Palatability during the season 
of winter dormancy also seems to be more variable for these warm-season 
grasses . As a group, the warm- season grasses are less desirable. Winter 
use does not injure them; in fact, some of them increase under heavy graz-
ing. Sand dropseed, a bunchgrass , is generally more palatable than the 
sod-forming galleta grass. 
A vegetation type map (Figure 1) compiled by Dr. B. Norton (1977) 
is based on maps made of individual experimental pastures in 1935 by 
J. L. Jacobs. The original pasture maps showed the distribution of com-
munities identified by one to three dominant species. In drawing the 
map, Dr. Norton used only the first dominant for designating community 
type. 
The area of focus for thi s study is outlined on the figure. The 
dominant life form is shrub, with only a smal l patch characterized by 
galleta grass. Winterfat is the main species present. 
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Figure l. Vegetation type map of the experimental pastures at the 
Desert Experimental Range compiled by Dr. Norton, based on 
maps drawn by J. L. Jacobs in 1935. 
I4 
15 
MATERIALS AND METHODS 
Within the Desert Experimental Range there are 20 pastures, all 
fenced; 16 of them have 130 ha, and the remaining 4 (numbers 13-16) have 
97 ha. Each pasture has been grazed with a specific grazing intensity and 
during a particular portion of the winter grazing season for the last 44 
years (Figure 2). On the experimental range, three degrees of grazing 
light, moderate, and heavy --were applied. The plan was to maintain 
fairly uniform utilization of the herbage produced the previous summer by 
the key forage species. Planned utilization by weight under moderate 
grazing was 75 percent for Indian rice grass and 50 percent for winterfat 
and budsage. 
The desired intens ity of grazing for the various range pastures was 
obtained and controlled reasonably well by varying the stocki ng rate 
each year on the basis of October herbage estimates. The moderately 
grazed pastures were stocked at an average rate of approximately 14 sheep-
days per acre. Pastures designated as heavily grazed had about 25 percent 
heavier stocking (17 sheep-days per acre) and those lightly grazed 30 
percent ligh ter (10 sheep-days per acre) than those grazed at moderate 
intensity (Hutchings and Stewart 1953). 
The four pastures that were included in this study all received a 
later-winter or early sp ring grazing impact: Pasture 17, with a light 
grazing intensity during the spri ng season; Pasture 18, heavily grazed in 
spring; Pasture 19, has been grazed moderately during the sp ring ; and 
Pasture 20, with also moderate grazing intensity but from the fall through 
the spring season. The spring season terminates in April. 
DESERT EXPERIMENTAL RANGE 
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Figure 2. General map of the Desert Experimental Range showing pastures 
and sheep grazing treatments. 
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Long-term vegetat ion changes 
Four permanent plots, 1. 5 x 5 m, were establ i shed in 1935 i n each 
pasture, and peri od icall y mapped in 1937 , 1970 and 1975. These maps show 
dlstribution of plants in the 9 sq. m plots and permit ca lculation of 
pl ant cover. Plant cover was est i ma ted in t hese plots again in September 
of 1977 and the changes in vegetation are described . The location of 
these permanent plots i s shown in Figure 1, which is a vegetation type 
map of the study area. 
Long-term trend on herb age product ion 
As was mentioned before, estima tes of herbage production were taken 
in the pastures on a number of occasions between 1938 and 1975. In 
September of 1977, the herbage production was estimated again using the 
traditional method; it i s the weight estimate method described by 
Pechanec and Pickford (1937) . 
In each pasture, there are 64 permanent plots marked with permanent 
steel pegs . Th ese pegs are regularly spaced 100m apart in rows of eight 
pegs, with 200m between rows (Figure 3) . The permanent stee l peg serves 
as the center of a circular quadrat, 18.6 m2 in area, which is descri bed 
by a marking peg arcing at the end of a radial cha in (Norton 1975). An 
eight-day period of training wa s spent in the field prior to working on 
the permanent plots, and then the estimation of the current year's stand-
ing growth was made in grams and then adjusted to an air-dry basis. These 
vegetation data were compared with the record from 1938 to 1g75 . 
Chemical content of forage 
To obtain a complete record of the nutritional value of the six most 
important species , repr~s entative samp les of green material were co llected 
~ 
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Figure 3. Location of permanent plots (64 per pasture) for weight-
estimate of productivity on the study pastures at the 
Desert Experimental Range. 
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from the range. These samples were taken from winterfat, shadscale, bud-
sage , lndia11 rice grass, sand drop seed, and galleta grass, collected on a 
monthly basis from May to September . In May the vegetation wa s clipped 
twice, the first at the beginning (May 7) and the second at the end of 
the month {May 28). The samp les were brought to the laboratory and air-
dried or dried in an oven at 40 °C for 304 days if necessary. The first 
set of samples (May 7) was collected during a snowstorm, kept on dry 
ice during the trip to Logan, and then freeze dried. Current year growth 
was separated by hand from old growth . 
The samples were subjected to chemical analysis for nitrogen (to 
determine crude protein), cellulose, hemicel lulose, lignin, phosphorus, 
gross energy, and ash. The results are reported on a dry matter basis. 
To determine nitrogen and protein, a macro Kjedah l nitrogen digestion 
and distillation apparatus was used. The nitrogen of the protein and 
other compounds is transformed into ammonium sulfate by acid digestion 
with boiling sulfuric acid. The acid digest i s cooled, diluted with 
water, and made strongly basic with sodium hydroxide. The ammonia is re-
leased and distilled into a boric acid so lution . The ammonia in the boric 
acid solution is titrated with standardized su lfuric acid (Harris 1970). 
Cellulose was determined by the acid detergent fiber method des·· 
cribed by Yan Soest (1963), which consists of refluxing for 60 minutes a 
1 g of samp le in an acid-detergent solution, then filter ing off and rins-
ing with hot water and acetone. 
The acid detergent fiber is also a preparatory step for obtaining 
lignin. The principle is that the acid detergent fiber residue is pri-
ma rily lignocellulose, and by applying the acid detergent lignin procedure 
suggested by Van Soest {1963), wherein the ce ll ulose is dissolved by a 
72 percent HzS04, the residue left is lignin. 
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By using t he Neutral De t ergent Fi be r technique, the total fiber of 
the plant samp l e was det ermined. In th i s proced ure a Sdmpl e must be re-
f lu xed in a neutral detergent solution for 60 minutes and then filtered 
off and rinsed with water and ace t one (Van Soes t 1967); Goering and Van 
Soest 1970) . 
Total fiber includes cellulose, lignin, and hemicellulose, so by 
subtracting the cellulose and lignin from the total fiber, hemicellulose 
was obtained (Van Soest 1967). 
Gross energy was obtained by us ing a bomb calorimeter in the tech-
nique described by Harris (1970). 
Phosphorus in plant material was determined by utilizing the reaction 
of the orthophosphate ion with ammonium molybdate to form a phosphomolyb-
date compound. The phosphomolybdate compound is reduced to molybdenum 
blue with 1-amino-2-naphthol-4-sulfonic acid. The intensity of the blue 
color formed is in direct proportion to the orthophosphate present. A 
spectrophotometer was used for reading the phosphorus concentration by 
comparing the absorbancy to a previously prepared standard phosphorus 
curve (Harris 1970) . 
Dry matter and ash were obtained us ing the procedure al so described 
by Harris (1970). 
Van Soest (1975) has proposed an additive system for calculation of 
nutritive value based on the assumption that individual chemical factors 
additively limit nutritional quality. The most basic division in plant 
dry matter is between cellular contents and plant cell walls. As a re-
sult, the summatic digestibility equation can be formulated: 
Percent digestibility dry matter (DDM) = .98s +WOe - M 
where: S cellu lrl r contents of avera~e dige>tibil i ty of 98 pet·cent; 
W the percent cell-wall contents; 
De= the estimated digestion coefficient of the cell walls 
1.473- 0.789 Log l ig nin times cell walls; 
M = the estimated metabolic fecal losses. 
~1 is estimated by the following regression equation: 
M = 36.57-0.275X: 
where: X= estimated true digestibility. 
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With these analyses, the description of the nutritional value for 
these species was comp leted throughout the year. Corresponding nutrient 
values of these species were determined over the winter period by Cook 
et al. (1959). In this study, the data of Cook et al. are grouped under 
the sampling period title of "winter grazing season." 
Precipitation record analysis 
Precipitation data have been recorded at the Desert Experimental 
Range headquarters si nce October, 1934. Daily precipitation records for 
44 years were analyzed in terms of rainfall periods for the spring (April-
June), and summer (July-September) seasons, and on a monthly basis for 
these two seasons. A rainfall period could be as short as one day of 
rain or the rain could be spread 0ver as many as seven days. 
Data analysis 
Cover data for the four permanent plots per pasture were grouped on 
vegetation type (Figure 1) and the means were calculated. For herbage 
production, means of 256 samples (64 per pasture) were obtained. 
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Data from chemical analysis were subject to an analysis of variance. 
Differences between species were tested for statist i ca 1 5 i ynif i cance by 
the least significant difference test. 
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RESULTS 
Long-term vegetation changes 
Within the sa lt-desert shrub vegetation type, there are several sub-
types. The four experimental pastures are dominated by three s ub -types 
of vegetation : winterfat type, shadscale type, and gal leta grass type . 
The biggest of all is winterfat type . 
The cover data were ana lyzed in terms of vegetation type (Figures 
4-6); they were also averaged for all three vegetation types (Figure 7). 
In Appendices A, B, C, and 0, cover values are tabled by vegetation type 
and by species from 1937 to 1977. 
No records were taken for a 33-year period, 19 37-1970. The sub-
stantia l cover changes evident in the recent samp ling period, since 1970 , 
indicate that in the long-term interval without data there could have 
been many significant fluctuations in the vegetative cover. 
There were no control (exclosure) plots in these 4 pastures, com-
pared with the rest of the 20 experimental grazing paddocks, so a direct 
comparison was not possible between different treatments. 
Long-term trend in herbage prod uction 
Because of erratic precipitation typical of a desert ecosystem, the 
variability of the estimated herbage production on the range is very high. 
It is illustrated with the estimated production on Pasture 18 (Figure 8, 
and Appendix E). The increment in annual species from 1958 to 1977 has 
been increasing, and thus implies a decline in range condition. As the 
annual species production increased, the shrubs have declined, but the 
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Figure 4. Percent plant cover of shrubs and grasses in the Ceratoides 
type {10 plots) as recorded in 1937 and on three occasions in 
the last decade. 
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Percent plant cover of shrubs and grasses in the Atrie lex type 
(4 plots) as measured in 1937 and on three occasions 1n the 
last decade . 
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Percent plant co ver of shrubs and grasses in the Hilaria type 
(2 plots ) as measured in 1937 and on three occasi~the 
last decade. 
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Figure 7. Average plant cover in percent and apparent trend of shrubs and 
grasses in the three vegetation types (16 plots). 
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Figure 8. Weight-estimate production (kg/ha) and percent composition 
on pasture 18 for 14 years of data record in the period 1938-
1977 . 
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grasses have remained about the same . In some recent years (1973, 1975, 
and i977) the annuals are the biggest component of t he herbaye production. 
From 1974 to 1975, the grasses overtook the shrubs in terms of productiv-
ity and that had not changed by 1977. It is important to notice that it 
was the first time that grass production was greater than shrub produc-
tion . The tot~l production of thi s range is quite variable from year to 
year . 
Chemical co ntent of forage 
The quality of a forage plant is given by its digestibility and the 
concentration of nutrients that are present in that plant at the time it 
is grazed, and how these nutrients meet the different requirements of 
the animals in their different physio logical status -- reproduction, 
lactation, high weight gains, etc. 
Crude protei n, an approximate meas ure that is ca l culated from tota l 
nitrogen multiplied by 6.25, is one of the components of the forage plant 
that i s the most commonly determined because of its importance in animal 
nutrition . The results shown in Figure 9 are averages for the three 
grasses and the three shrubs. These results indicate a marked decrease 
in crude protein content during the growing season, from May to July for 
shrubs and grasses. An increment in crude protein occurred later in 
the summer due to an extremely heavy precipitation event that fell i n 
early August at the Desert Range. Grasses increased their protein con-
tent quicker than did shrubs, but grasses then dropped t heir protei n con-
tent at a fa s ter rate. In general, shrubs kept their protein content 
higher than grasses throughout the year, but crude protein content of 
shrubs was signifi cantly different (P<.05) from grass onl y duri ng the 
winter grazing season. 
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Figure 9. Average crude protein content (percent) for the three grasses 
and three shrubs. [Data from ~1ay to September were collected 
in 1977; data under winter grazing season were reported in 
1959 by Cook et al . ] 
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Table 1 shows the crude protein values for all species by sampling 
dates, with stat i stica l compa ri son across species for the growing season 
(May-Septembe r) and winter grazing season (October-April). 
The average cellulose content for grasses is higher than for shrubs 
throughout the year, as seen in the results su~narized in Figure 10. A 
significant difference (P<.05) was found between shrubs and grasses in 
both grazing and growing seasons. Table 2 shows the cellulose content by 
spec ies and by dates, with analysis by season of significant difference 
(P<.05) between species. Budsage (Artemisia spinescens) is conspicuously 
low in cellulose early in the growing season. 
Hemicellulose content is shown in Figure 11, which illustrates the 
average for the three grasses and three shrubs. This component was not 
determined in the analysis of Cook et al. (1959), and so there is no re-
cord for the winter grazing season . There was a general increase in 
hemicellulose content from May to September. Grasses are less variable 
in hemicellulose content than the shrubs (Table 3). 
The data presented in Table 4 show a steady increase in lignin con-
tent for new growth as it matures, for all species, from May to March, 
during both the growing season and the winter grazing season. There is 
a significant difference (P<.05) between shrubs and grasses. Lignin con-
tent was on the average higher in shrubs than in grasses (Figure 12). 
A comparison of t values in the analytical procedure indicated that 
the contrast between shrubs and grasses was more pronounced in the winter 
six-month season. Grasses contained only about one-half as much lignin 
as shrubs. 
The general trend of crude fiber was upward for all the species from 
May to September (Figure 13). No significant difference (P<.05) was 
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Table l . Crude protein content in percent of major species by samp l e date 
and season . A 1l sample> in grcwi nq season were t aken in 1977; 
the winter grazing season values were reported in 1959 by Cook 
et al. [Means fol lowed by the same l etter are not significantly 
different.] 
Growing Season 
Species* 
Hija Spcr Orhy Arsp Atco Cela 
May 7 13 . 25 20.1 25.87 7.45 9.51 9.76 
May 28 20.74 16.7 23.2 15.54 19.76 21.99 
Jun. 28 13.38 14.76 11.5 10.02 12.22 16.29 
Jul. 26 10.01 ll .26 8.76 9.78 8 .81 12.33 
Aug. 24 14.25 14.26 13.3 10 .68 8.34 14.77 
Sep. 22 9.3 ll. Ol 14 .6 12.52 12.23 13.43 
x (Species) l3 .48a l4 .68a l6 .2a l0 .99a 11. 81 a l4 .76a 
x (Grasses and 
shrubs) l4.7a 12.52 a 
-------------------------------------------------------------------------Winter Grazing Season 
Oct. 26 4.5 5.0 5.3 9.9 10.4 
Nov. 26 4.4 4.6 4.9 9.4 8.3 
Dec. 26 4.2 4.4 4.0 9.6 8.0 
Jan. 26 3.3 3.9 4.0 8.6 8.4 
Feb . 24 3.5 3.5 3.9 7.0 8.0 
Mar. 31 3.3 3.1 5.7 6.4 8.2 
x (Species) 3.85a 4.08a 4.63a 8.48a 8.55a 
x (Grasses and 
shrubs) 4.18a 8.5a 
*Hija = Hilaria jamesii (galleta grass) 
Spcr = Sporobolus cr tandrus (sand dropseed) 
Orhy = Oryzopsis himenoides Indian rice grass) 
Arsp = Artimisia spinescens (budsage) 
Atco = Atriplex confertifolia (shadscale) 
Cela = Ceratoides lanata (winterfat) 
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Figure 10. Average cellulose content (percent) for the three grasses 
and three shrubs. [Data from May to September were col-
lected in 1977; data under winter grazing season were re-
ported in 1959 by Cook et a l . ] . 
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Table 2. Cell ulose content in percent of major species by samp le date 
and season. All samples i n growing season were t aken i n 1977 ; 
the winter grazing season values were reported in 1959 by Cook 
et al. [Me~n s fo l lowed by the same l etter are not significantly 
different. See Table 1 for identification of species codes.] 
Growing Season 
Species 
Hija Spcr Orhy Arsp Atco Cela 
May 7 22.24 25. 56 25.27 11 .82 18.86 24.85 
May 28 21 .84 25.97 26.57 11.92 20 .04 24.66 
Jun. 28 25.42 26 . 73 29.2 14 .22 14 . 69 25 . 25 
Jul. 26 27.3 29 .91 27.98 17.71 19 . 17 27.06 
Aug . 24 30 .64 30. 16 27.41 20.04 22.35 24 .01 
Sep . 22 29.24 32.06 30.53 22.43 18 .96 21. 77 
x (Species) 26.11 a 28 . 3ab 27.8ab 16. 3d 19 .8cd 24.6abc 
x (Grasses and 
20.2b shrubs) 27.4a 
-------------------------------------------------------------------------Winter Grazing Season 
Oct. 26 29.7 40.4 34.3 17.9 19 .3 
Nov. 26 31.4 40 .0 34.3 20.1 22.4 
Dec . 26 30.5 40 . 7 35.4 16 .0 23.7 
Jan. 26 30.2 41.7 35.0 20.7 23.2 
Feb . 24 31.5 42.0 35.9 22.2 21.6 
Mar . 31 30 . 7 39.8 34.4 22 .6 21.5 
x (Species) 30 .6b 40 . 7a 34.8c 19 .9d 21.9d 
x (Grasses and 
20.9b shrubs) 35. 3a 
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Fi gure 11 . Average hemicellulose content (percent) for the three gra sses 
and three shrubs . [Data from May to September were colected 
in 1977 ; no data were reported by Cook et a1 . 1959 . ] 
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Tabl e 3. Hemicellulose content in percent of major species by dates and 
season. All samples in growing season were taken in 1977. 
[Means followed by the same letter are not significantly dif-
ferent. See Table 1 for identification of species codes.] 
Growing Season 
Species 
Hija Spcr Orhy Arsp Atco Cela 
May 7 20.11 24.07 23.2 11 .6 31.0 15 .6 
May 28 29.22 28.0 24 .7 17.9 33.8 21.3 
Jun. 28 28.2 28.4 27.8 22.8 32.9 25.9 
Jul. 26 27.13 29.0 31.8 27.1 32.7 26.6 
Aug . 24 29.0 23.6 32.4 30.8 29.8 31.5 
Sep. 22 24.05 25.4 30.2 24.4 32.8 24 .8 
x (Species) 26.3ab 26.4ab 28.4ab 22.4b 32.2a 24. 3b 
x (Grasses and 
shrubs) 27.0a 26.3a 
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Table 4. Lignin content in percent of major spec i es by sample date and 
season. Al l samples in growing season were taken in 1977; the 
winter grazing season values were reported in 1959 by Cook 
et al. [Means foll owed by the same l etter are not significantly 
different . See Table l for identification of species codes.] 
Growing Season 
Species 
Hija Spcr Orhy Arsp Atco Cela 
May 7 5.4 3.6 4.8 14.5 10 .4 7.9 
May 28 5.9 4.1 3.6 12.1 10.5 6.5 
Jun . 28 6. 2 3.6 5.2 14 .9 11.9 6.6 
Jul. 26 6.9 4.4 4.5 13.5 13.0 8.9 
Aug. 24 6.7 8.6 7.6 14.3 14.2 9.4 
Sep. 22 6.8 7.6 6.3 15 .8 12 .0 15.1 
x (Species) 6. 3ab 5.6ab 5. 3a 14.2d 12 .ocd 9 . lbc 
x (Grasses and 
ll. 7b shrubs) 5.7a 
-------------------------------------------------------------------------
Winter Grazing Season 
Oct. 26 8.1 8.7 8.4 15.1 12.3 
Nov. 26 7.2 8. 3 8.4 14 .0 16.3 
Dec. 26 8. 1 8.2 8.4 14.9 14 .5 
Jan. 26 8.7 8.5 8. 5 16.8 13.7 
Feb. 24 8. 7 8.3 9.4 15.8 16.8 
Mar. 31 8.3 8.0 9.2 17.3 19.2 
x (Species) 8.la 8.3a 8. 7a l5 . 5b l5 .4b 
x (Grasses and 
l5 .45b shrubs) 8. 3a 
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Figure 12. Average lignin content (percent) for the three grasses and 
three shrubs. [Data from May to September were col l ected in 
1977; data under winter grazing season were reported in 1959 
by Cook et al . ] 
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Figure 13. Average crude fiber content (percent) for the three grasses 
and three shrubs. [Data from May to September were col-
lected in 1977; no data were reported by Cook et al. 1959.] 
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found between grasses and sh rubs or between species in those li fe-form 
g ro u~ s (Table 5) . At the beginning of t he growi ng season , the crude f iber 
was at its lowest limit and reached i ts highest value by late August and 
a s light dec line then occurred during September. No record is ava i lab le 
from Coo k and hi s associates for the winter grazing season. 
The est imated dry matter digestibility decreased for shrubs and 
grasses as the growing season advanced (Figure 14). A s ign i ficant dif-
ference (P <. OS ) was obtained between grasses and shrubs, the grass es 
being more digestible than the shrubs, with seasonal means of 52 percent 
and 34.9 percent, respectively (Table 6). 
Gross energy, that is the amount measured in calories that is released 
when a subs tance i s completely oxidized, varied significantly among spe-
ci es, but none were outst andingly high or low (Table 7) . On average, 
gra sses had higher gross energy values than shrubs during the growing 
season, but for the winter grazing season the reverse was true (Figure 
15). In no case was there any noticeable trend in the gross energy 
values from May to March. 
Phosphorus content var ied s ignificantly (P<.05) among groups; shrubs 
are higher in phosphorus content throughout the year (Figure 16) . The 
highest phosphorus concentration was found in early May for shrubs and 
in late May for grasses (Table 8) . 
Ash was obtained primarily for estimating phosphorus. Appendi x F 
shows the percentage of ash in the different species for all dates. 
Prec ipitation records analysis 
The average annual precipitation at the Desert Experimental Range 
i s 151. 8 mm for the 44 years of record (Figure 17) . The wettest periods 
on average are the spring and summer months, but the variability is very 
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Table 5. Crude fiber content in percent of major species by date and 
seaso n. All samples in growing season were taken in 1977. 
[Means followed by the same letter are not significantly 
different. See Table 1 for identification of species codes.] 
Growing Season 
Species 
Hija Spcr Orhy Arsp Atco Cela 
May 7 52.7 53.2 53.6 38.0 60 . 2 48.5 
May 28 56.4 57.0 55.0 42.0 64.4 52.5 
Jun. 28 59.8 58.7 62.2 51.9 64.5 57.8 
Jul. 26 61.3 62.4 64.3 58 . 4 65.0 62.6 
Aug . 24 66.3 62.4 67.5 65.2 66.4 64.9 
Sep. 22 60.1 67.1 65.0 62 . 7 63.8 61.7 
x (Species) 59.4a 60.la 61.2a 53.0a 64.0a 58.0a 
x (Grasses and 
shrubs) 60.2a 58.8a 
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Figure 14. Average estimated dry matter digestibility in percent for 
the three grasses and three shrubs. [Data from May to 
September were co llected in 1977; no data were reported by 
Cook et al. 1959 . ] 
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Table 6. Dry matter digestibility in percent of major species by date 
and season. All samp les in growing season were taken in 1977. 
[Means followed by the same letter are not significantly dif-
ferent. See Table 1 for identification of species codes. ] 
Growing Season 
Species 
Hija Apcr Orhy Arsp Atco Cela 
May 53.0 64.0 57.1 45.6 32.2 52.5 
May 28 47.5 59.2 62.8 42.8 30.0 51.6 
Jun. 28 48.0 61.6 53.6 33.6 28.5 47.8 
Jul. 26 46.0 57 .0 54.9 30.9 26.0 39.8 
Aug. 24 46.2 43.1 39.7 26.0 25.8 34.5 
Sep. 22 48.8 44.3 48.3 27.6 26.4 27.0 
x (Species) 48.5ab 54 .8a 52. 7ab 34. 4cd 28.lcd 42.2abc 
x (Grasses and 
34.9b shrubs) 52.0a 
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Table 7. Gross energy content of majo r species by date and season. All 
samp l es i n growing seaso n were taken i n 1977; the winter graz i ng 
season values were reported in 1959 by Cook et al. [Means fol-
l owed by the same letter are not s ignifi cantly different . See 
Table l for identification of species codes. ] 
Growing Season 
Species 
Hija Spcr Orhy Arsp At co Cela 
May 7 4.4 4.4 4. 2 4.2 3.7 3.9 
May 28 4.4 4. 5 4.5 4.4 3.6 4.0 
Jun. 28 4.5 11.4 4.1 4.1 3.7 3.9 
Jul. 26 11 .2 4.3 4.2 4.0 3.8 3.9 
Aug. 24 4.2 4.5 4.1 4.0 3.8 4.1 
Sep. 22 4.2 4.2 4.1 4.2 4. 2 3.9 
x (Species) 4. 38a 4. 3la 4.2ab 4.15ab 4.8bc 3.95c 
x (Grasses and 
3.96b shrubs) 4.2a 
-------------------------------------------------------------------------
Winter Grazing Season 
Oct. 26 3.93 4.07 4.24 4.01 4. 17 
Nov. 26 3. 98 4. 21 4.18 4.13 4.51 
Dec. 26 3.95 4.16 4.19 4.11 4. 22 
Jan. 26 3.81 4.10 4.15 4.21 4.18 
Feb. 24 3.84 4.04 4.20 4.15 4.21 
Mar. 31 3.86 4.04 4.17 4.24 4.4 
x (Species) 3.89c 4.lb 4.18ab 4.14ab 4.28a 
x (Grasses and 
4.2lb shrubs) 4. 05a 
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Figure 15. Average gross energy content in Kcal/gram for the three 
grasses and three shrubs. [Data from May to September were 
col lected in 1977; data under winter grazing season were 
reported in 1959 by Cook et al.] 
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Figure 16. Average phosphorus content (percent) for the three grasses 
and three shrubs. [Data from May to September were col-
lected in 1977 ; data under winter grazing season were re-
ported in 1959 by Cook et al.] 
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Table 8. Phosphorus conten t of major species by date and season. All 
samples in growing season were taken in 1977; the winter grazing 
season values were reported in 1959 by Cook et al. [Means fol-
lowed by the same letter are not s i9nificantly different. See 
Table 1 for identification of spec ies codes.] 
May 
May 28 
Jun . 28 
Jul. 26 
Aug. 24 
Sep. 22 
x (Species) 
x (Grasses and 
shrubs) 
Oct. 26 
Nov. 26 
Dec. 26 
Jan. 26 
Feb. 24 
Mar. 31 
x (Species) 
x (Grasses and 
shrubs) 
Hi ja 
.06 
.07 
.07 
.09 
.07 
.08 
.073b 
Growing Season 
Spcr 
. 08 
.07 
.08 
.07 
.08 
.06 
.073b 
Species 
Orhy 
.08 
.09 
.08 
. 07 
.09 
.07 
.o8ab 
Winter Grazing Season 
.06 .05 .04 
.07 .06 .04 
.13 .05 .04 
. 06 . 06 . 04 
.06 .05 .04 
.07 .07 .06 
.075ab .056bc .043c 
Arsp 
.09 
.10 
.09 
.10 
.09 
.13 
. loab 
At co 
.12 
. 10 
.11 
. 10 
.09 
.08 
. loab 
Cela 
.15 
.14 
.09 
.09 
.08 
.10 
.108a 
.08 .08 
. 10 .07 
.09 .09 
.08 .08 
.07 .09 
.07 .09 
. 081 ab . 083a 
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Forty-four year average precipitation by months, the range 
of monthly precipitation values and the 1977 record at the 
Desert Experimental Range. [No rain was recorded in 1977 
in February and April.] 
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high in each mo nth , especially in May, July and October, which have re-
corded values ru ngi~g f rom 0 to 74, 75, and 96 mm, respecti vely. The 
l east variable period is the winter season -- December, January, and 
February (which has a range f rom 0 to 27 mm). In 1977 total precipitation 
was 142 mm, with well above-average record for May and August. 
The fall and winter months were dry, except for December; February 
and April were the driest months in 1977. 
The 44 years of precipitation records were analyzed in terms of the 
amount of precipitation in a "ra infall period." One rainfall period 
could be as short as one day, or the rain could be spread over as many as 
seven days. One rainfall period was separated from another by an inter-
val of at least two consecutive days of unmeasurable precipitation. 
This analysis was done by months, from April to September (Figure 
18). Periods of low intensity of precipitation, from 0 to 10 mm, were 
by far the most common type of rainfall event. 
High intensity precipitation periods, with a minimum of 31 mm and a 
maximum of 40 mm, were found in all months except for April . A rainfall 
period with a minimum of 61 mm and maximum of 70 mm was found only i n 
July, but not all the water penetrates into the so il because, due to the 
high intensity of this type of rainfall, runoff is unavoidable . 
Figure 19 shows th.is same format of data arrangement for the spring 
and summer seasons. Four-fifths (82 percent) of the rain periods amount 
to 10 mm of rain or less in the spring. For the summer, this fraction is 
74 percent, which averages about 6 events of low-level precipitation per 
year in each season . 
Spring rainfall periods of 21 mm or more occ ur about every second 
year. In summer, a rainfall of this magnitude occurs in 3 years out of 
5. 
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Figure 18. Frequency of occurrence of precipitation by 10 mm classes 
by months, at the Desert Experimental Station. 
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Figure 19. Frequency of occurrence of precipitation by 10 mm classes by 
seasons (spring and surrmer) at the Desert Experimenta 1 Range. 
The number above each column of the histogram indicates the 
mean number of events per year in the prec i pitation class 
(m = 44). 
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In order to summarize the climatic pattern, a season was designated 
to be wet or dry , based on whe t her it received at least one rainfal l 
period of 25 mm . Four combinations of seasons are possible : a year with 
wet spring and dry summer, or dry spring and wet summer, or wet spring 
and wet s ummer, or dry spring and dry summer. A data set comprising 
mean production (by weight estimate) of various components of the vegeta-
tion from 6 of the experimental pastures (numbers 6, 8, 9, 10, 11, and 
18) , and the precipitation record for each year of herbage growth assess-
ment, was examined to relate climatic pattern with productivi ty . Years 
were grouped according to climatic pattern and mean production values 
expressed as in Table 9. The means of estimates of herbage production 
on the selected pasture for 14 years, from 1938 to 1977, are shown in 
Appendix G, 
Dry years with low forage production (155 kg/ha) occur 28 percent of 
the time . Shrub production is more susceptible to production decline in 
dry years than grass production, and shadscale is the most susceptible of 
all . 
Productivity of individual species and total herbage production is 
not very different between wet spring/dry summer and dry spring/wet 
summer climatic patterns (233 vs . 258 kg/ha), although the percentage of 
occurrence is somewhat different, 21 percent and 15 percent, respectively. 
As one might expect, the most productive years have a combination of 
wet spring and wet summer (374 kg/ha). This pattern of occurrence is 
almost 2 years out of 5. The greatest response to this additional pre-
cipitation is made by annual plants, winterfat and Indian rice grass. 
Hypothetical representation of the growth curves were made for these 
different climatic patterns (Figure 20). A percentage of the total growth 
Table 9. Herbage production (kg/ha) for four basic climatic patterns based on 14 years of product ion data 
(see Appendi x G for a complete li st ing of the productivity record) . 
Vegetation Wet Spring/ Dry Spring/ \~et Spring/ Dry Spring/ Dry Summer ~Jet Summer Wet Summer Dry Summer 
n (years) 3 2 5 4 
Cela (winterfat) 24 (11-35)* 27 (10-45) 54 (52-106) 17 ( 11-35) 
Atco (shadscale) 90 (72-105) 99 (85-113) lOB (22-253) 26 ( 10-43) 
Orhy (Indian rice grass) 9 (7-10) 10 (10-11) 20 (10-33) 7 ( 3-1 1) 
Hija (galleta grass) 18 (12-27 16 (14-19) 19 (23-26) 10 (5-14 ) 
Spcr (sand dropseed) 38 (29-47) 36 ( 31-41) 50 ( 1 0-92) 45 (B-53) 
Tota 1 Shrubs 152 (117-181) 177 (160-195) 189 (60-343) 64 (48-91) 
Total Grasses 68 (62-74) 66 ( 63-70) 95 (37-152) 47 (23-77) 
Tota 1 Annua 1 s 13 (2-21) 13 (8-18) 90 (12-233) 4 (. 9- B) 
Total** 233 ( 198-256) 258 (232-284) 374 (278-521) 155 (80-172) 
% of Occurrence 21 15 36 28 
*Production range . 
**All perennials and annuals combined. 
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Figure 20. Hypothetical growth curves for different climatic patte rns 
at the Dese rt Experimental Range . 
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was allotted to each individual month, acco rding to the shape of the 
curve. At the beginning of t he growing season , in April, growth occurs in 
al l the different climatic patterns due to the moisture accumulation dur-
ing the winter season. This moisture corr~s l argel y in the form of snow, 
which recharges the soil water under low evaporative conditions. Pre-
cipitati on input in the winter period is mo re reliable than at other 
seasons (Figure 17). 
By using the following formula, the average production curve (Figure 
21) was calculated for a monthly unit. 
Production for the month of April, for example= 
Total production for w.s./d.s. pattern x 
fraction of w.s./d.s. growth that occurs in April x 
frequency of occurrence of the w.s. /d. s . climate pattern 
+ 
Total production for the d.s./w .s. pattern x 
fraction of d.s./w.s . growth that occurs in April x 
frequen cy of occurrence of the d.s. /w. s . climate pattern 
which for April 
+ 
etcetera, for d.s./d .s. and 
w.s./w. s. climatic patterns 
233 x . 10 x .21 plus 
258 x .03 x .15 plus 
155 x .10 x .28 plus 
374 X .05 X .36 
17. 2 kg per hectare 
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Figure 21. Long-term average growth curve at the Desert Experimental 
Range, calculated from the curves in Figure 20 . 
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DISCUSSION 
Long- term vegetation changes 
The changes in plant cover that have occurred at the Desert Experi-
mental Range from 1937 to 1977 are quite variable . In general, perennial 
grass cover ha s increased and shrub cover has declined, but there is not 
sufficient basis to say that the trend of these four pastures i s downward 
or that range condition ha s declined because there are not enough data to 
draw such a conclusion. 
There are no data from 1937 to 1970, and it is not known what has 
happened between these years. The variability of plant cover from 1970 
to 1977 is high, so similar changes are expected to have occurred from 
1937 to 1970 . Moreover, Hutchings and Stewart (1953) reported that at 
the Dese rt Experimental Range, changes in plant cover of semiherbaceous 
shrubs, such as winterfat, shadscale, and budsage, fluctuate considerably 
in response to variation in annual precipitation. The three major peren-
nial grasses-- Indian rice grass, galleta grass, and sand dropseed --
showed different responses to variations in precipitation (Hutchings and 
Stewart 1953). 
The greater reduction of plant cover of budsage in all three vegeta-
tion types (Appendices A, B, and C) is due to its pattern of growth . Bud-
sage commences vigorous growth extremely early in the spring and produces 
most of its annual growth before the middle of May. By the latter part 
of May, budsage has commenced to drop its leaves and enter a period of 
dormancy whi.ch usually extends to the fall. It is apparent that removal 
of any sizab le portion of the photosynthetic surface of budsage during 
the early spring period would greatly di min i sh the food product ion and 
storage of that species (Harper 1959). 
Lonq-term trend in herbage productio~ 
The estimated herbage production is highly variable, as shown i n 
Figure 8 by vegetation classes and in Appendix E by species. 
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Total annual herbage production, shrub production, and annual plant 
production fluctuate widely. Because of their high degree of variability, 
it is difficult to make a management plan based on these components of 
the vegetation unles s the number of livestock can be adjusted on the 
range in response to current growth or adjust the number of days that the 
livestock may be allowed to graze on the range. 
Gra ss production is not as variable as the other components of the 
tota l herbage production, so a management plan could be based more easily 
on grass prod uction , especially for non-winter use, with the option of 
adjusting the number or days of livestock grazi ng. For an ecosystem of 
s uch great variability in forage resource, any rational grazing plan 
must incorporate mecha ni sms for fle xi bility of stocking rate . 
Chemical content of forage 
Grasses are as high in crude protein content as shrubs during the 
growing season, from May to September (Table 1) . This high level of 
crude protein may be a result of a low stem:leaf ratio, since leaves con-
tain more protein than stems (Clark and Tisdale 1945; Cook et al. 1958). 
Indian rice grass recorded the highest level of protein; it is also the 
most palatable grass of the three . Winterfat has the highest protein 
content among the shrubs; it i s highly palatable for both sheep and 
cattle. 
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As the forage plants reached maturity, the protein content dropped 
si gnif i cantl y. Thi s has been extensi vely documented for many forage spe-
cies (Cook and Harris 1950, 1968; Wallace and Denham 1970) . During the 
winter grazing season, protein content wa s .s ignificantly different among 
species. The greatest differences were between shrubs and grasses; shrubs 
contained more than twice as much protein as the grasses. 
Cellulose is one of the major structural polysaccarides in the cell 
wall of plants (Bailey 1973) . Although it is not a very good indicator of 
total structural carbohydrates, cellulose provides a valid measure of 
the availability of the cell walls to the grazing animal (Van Soest 1967). 
The results summarized in Table 2 and Figure 10 showed an increase in 
cellulose content for all species as the growing season advanced , except 
for shrubs, which showed a decrease in cellulose content from August to 
October. Stems usually contain higher levels of cellu lose and of other 
structural polysaccarides than leaves, so the increase measured in plant 
cellulose partially reflects changes in leaf to stem ratios (Bailey 1973; 
Cook and Harris 1950). During the winter grazing season, grasses were 
appro ximately 50 percent higher in cellulose content than shrubs. 
Hemicellulose is another component of the cell walls. Like the 
cellulose, it is partially digestible and increases with plant maturity 
(Barnes 1973). Hemicellulose content was about the same in shrubs and in 
grasses during the growing season (Table 3). 
Lignin is an aromatic polymer with poorly defined chemical structure. 
It also constitutes one of the most important structural compounds in 
plants (Harkin 1973). As a forage plant matures, lignin gradually binds 
polisaccarides to give them rigidity; this reduces their digestibility. 
Higher depositton of lignin occurs in the stems than leaves (Harkin 1973). 
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The lower lignin content throughout the year in grasses makes them more 
digestible than shrubs . (Table 4 and Figures 12 and 14). During the 
growing season, Indian rice grass, among the grasses, and winterfat, among 
the shrubs, had the lowest levels of lignin content; these two species are 
palatable for both sheep and cattle . During the winter grazing season, 
the percent of lignin varies widely among species, but the differences 
between shrubs and grasses are then more pronounced . Grasses contained 
only about one-half as much lignin as shrubs. 
The general trend of lignin content with advancement of the winter 
season was upward for all species . The greatest increase for this season 
was during fall and early winter months. 
Crude fiber, as determined by the Weende System procedure, is not a 
fraction of precise chemical composition because it is not a chemically 
uniform substance but a variable mixture, the major components of which 
are cellulose, hemicellulose and lignin. Cellulose and hemicellul ose 
are similar in nutritive value and have much greater feeding values than 
lignin, which is essentially indigestible by all livestock (Cullison 1975) . 
Van Soest and Moore, at the U.S.D.A., have found high correlation of 
the in vivo digestibility of the cell contents, of the cell wall, and of 
lignin with in vivo data (Crampton and Harris 1969). In this study, 
application of their technique indicated that grasses are more digestib l e 
than shrubs (Table 6 and Figure 14). 
The gross energy va lue of a forage per se has no relationship to 
the feed's digestible, metabolizable, or net energy va l ues, except that 
the latter can never exceed the gross energy. Certain products, such as 
mineral oil and lignin, have high gross energy values but, because of 
indigestibility are of trivial energy value to the animal (Church and 
Pond 1976). 
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Phosphorus was found to be quite low in all species for both the grow-
ing and winter grazing seasons. Phosphorus plays an important ~o le i n 
many of the functions of the livestock organism. It is a component of the 
skeleton; it i s also a component of the phospholipids, which are important 
in lipid transport and metabolism and cell-membrane structure (Church and 
Pond 1976). 
During the growing season, shrubs and grasses are about the same in 
nutrient content, but grasses are more digestible so those nutrients 
found in grasses can be utilized by livestock more efficiently than those 
same nutrients found in shrubs. During the winter grazing season, shrubs 
were more nutritious than grasses, but this nutritional advantage i s 
mollified by their lower digestibility. 
According to the National AcademY of Sciences (1975, 1976), the 
Desert Experimental Range forage supp lies the minimum requirements of 
protein for sheep and cattle for the growing season, but some phosphorus 
supplementation should be provided. During the winter grazing season, 
and assuming that sheep and cattle eat equal amounts of all plants 
studied, a supplement of protein and phosphorus would be necessary to 
meet the livestock nutritional feed standards of the National Academy of 
Sciences (1975, 1976). Similar recommendations were formulated by Cox 
(1952). 
Precipitation record analysis 
Fourty-four years of precipitation records showed a very high varia-
bility from year to year and within years (Figure 17) . The wettest pe-
riods are the spring and summer months, referred to in this thesi s as 
the growing season (April to September). Rainfalls that occur in the 
spring are used quite efficiently for vegetative growth, but short 
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rainfall periods of low precipitation that occ ur during the summer months 
are of ques t ior. a b l ~ va l ue because of th e high e va po r~tive rates and partial 
plant dormancy of some species. These t wo fa ctors combi ned reduce the 
effectiveness of summer rainfall for the production of forage . 
Most of the rainfall is in short storm periods of 10 mm or less . 
Rainfalls of 21 mm or more are less frequent . July is the month in which 
the most storm periods of high magnitude occur ; and since the t empera-
tures are high, the vegetation responds very well to these substantial 
rainfall periods in t erms of quantity and nutritional quality . 
A rainfall storm period of 25 mm which falls during the spring or 
summer months will stimulate vegetative growth. This is because a 25 mm 
rainfall wets the top 25 em layer of the soil and penetrates into the 
root zone . During the summer, few active roots occur in the top 15 em 
of the desert soil (Holmgren 1978, personal communication). The desert 
vegetation is opportunistic in terms of growth; when there i s sufficient 
moisture, there will be some growth . The criterion used for determining 
a wet or dry season was based on that reasoning. The fact that 3 years 
out of 10 will be a dry spring-dry summer pattern with low forage pro-
duction (Table 9), means that during those years overgrazing should be 
avoided if at all possible because substantial damage could potentially 
occ ur in a desert ecosys tem in a dry year due to grazi ng press ure of 
more than 1.0, i . e . , greater demand for forage intake than current year's 
growth can provide, and the vegetation will not recuperate easily. 
Moreover, if grazing occurs during the growing season during a dry year , 
the vegetation will easily become debilitated and, if this experience is 
repeated often enough, the plants will die (Cook et al. 1971). 
In a year of high production, which occurs 4 years out of 10 (Table 
9) , I propose t hat a desert ecosystem ca n tol erate mo derate grazing 
without impo sing any damage on the plant community . 
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Hypothetical growth curves were made for the four di f ferent cl imatic 
patterns. It was done with the purpose of conceptualizing the amount of 
fora ge that can be expected on a monthly basis according to the climatic 
conditions of a specific year, so that when devising a management plan 
for livestock during those month s , overgrazing could be avoided. These 
hypothetical growth curves also gi ve an idea of the phenological stage of 
the plant community relative to the calendar so that stages when plants 
are more susceptible to damage can be avoided with conservative manage-
ment plans. 
r~anagement aspects 
Present use of the vegetation is for winter use by sheep. For many 
years of high production the forage is wasted because, when it i s used 
during the winter season, the nutritional value of the forage is in its 
lowest level. 
For 3 years out of 5, total perennial grass production exceeds 60 
kg/ha, and 1 year in 5, grasses exceed 100 kg/ha . 
It is proposed in this study that during favorable seasons, grass 
production should be utilized opportunistically by cattle in spring or 
summer as a mechanism for resting the normal summer pastures. This 
could be achieved either by delaying the date when cattle first move 
onto summer pastures or by bringing a portion of the cattle herds down 
from the mountains early, such as in August. At present, there is no 
formal procedure for allowing portions of summe r grazing land to be 
rested in a beneficial grazing system without placing the rancher at a 
disadvantage, either through a cut in the AUM's* of his permit or by the 
need to buy hay. 
Because utilization of desert forage outside the winter sheep sea-
son would be done only in years of high production, 70 percent utiliza -
tion would not be an excessive pressure, particularly since it would 
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occur 4 years out of 10 . [In the grazing experiments on the Desert Experi-
mental Range, average utilization of major forage species has been at 
the level of 51 percent every year for 44 years without extensive damage 
(Hutchings 1966).] At this level of utilization, when there is a grass 
production of 60 kg/ha, 8.5 ha are required per AUM, and when the grass 
production reache~ 100 kg/ha, 5 ha /AUM is the carryi ng capacity. The 
current carrying capacity for sheep with winter grazing is about 4 or 5 
ha/AUI1 (derived from data in Hutchings and Stewart 195 3). 
An essential principal of the opportunistic summer management plan 
is that the value and contribution of desert vegetation to the livestock 
forage resources of the Great Basin is enhanced without detriment to 
the integrity of the ecosystem. 
Some of the implications of this strategy are that the basic manage-
ment pattern for sheep will not be disturbed because there will be mini-
mum damage to shrubs. Years of good grass production are beneficial to 
shrub growth, and as suming the rancher cannot expand his winter sheep 
herd opportunistically, there should be sufficient shrub forage left for 
normal wfnter use, even though it is reasonable to e~pect some shrub con-
sumption by cattle during the summer months. The implementation of this 
*AUM - Forage needed for one month for a 454 kg cow with an average 
daily forage consumption of 11.8 kg of dry matter per day (Range 
Term Glossary Committee 1974). 
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strategy should improve the condition of mountain pastures by occasional 
resting of ti1ese pastures fou r years out of t en, or pe rhaps less f re-
quently. 
The proposed plan is a possible management strategy but it would need 
to be tested, especially in terms of the degree of use desert ecosystems 
cou ld withstand in the summer and the cost of hauling water for cattle on 
the desert in summer. The use of the desert in the spring should be 
carefully studied in terms of possible damage to the vegetation due to 
grazing at an earlier phenological stage . 
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CONCLUSIONS 
The following conclusions can be drawn from this study: 
1. Cover data from permanent plots in the four study pastures do 
not show clear trends in terms of increase in grass cover or decline in 
shrub cover over forty years of early spring sheep grazing. 
2. Grasses show less year-to-year variabi lity in their production 
than shrubs. As a conseq uence, the carrying capacity of the range for 
non-browsing livestock can readily be determined on the basi s of grass 
production. 
3. One-third of the time , the annual herbage production will be 
around the long-term average due to either a wet spring-dry summer or a 
dry spring-wet summer climatic pattern. About one year in four the her-
bage production will be quite below average because of a combination of 
dry spring and dry summer. Production in the remaining years will be 
above average due to the favorable combination of wet spring-wet summer 
pattern. 
4. Summer use of the range by cattle can be possible without dis-
turbing the traditional winter use by sheep, provided it is accomplished 
through opportunistic use of the vegetation response to years of high 
rainfall. 
Fu rther research is needed to validate the management strategy which 
combines annual winter sheep grazing with occasional summer cattle graz-
ing . 
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APPENDIX A 
Table 10 . Percent cover by species in Ceratoides type vegeta-
tion (n = 10) 
Years 
Species* 
19 37 1970 1975 1977 
Hija 
Orhy 0.25 0.29 0.42 0.69 
Spcr 0. 39 0.33 0.45 0.61 
Total grasses 0.64 0.62 0.87 l. 30 
Arsp 0. 17 0.06 0.03 0.02 
Atco 2.70 1.90 0.82 0.45 
Cela 4.50 2.90 6.20 3.40 
Total shrubs 7.37 4.86 7.05 3.87 
Total shrubs and 
grasses 8.01 5.48 7.92 5.17 
*Hija = Hilaria jamesii (galleta grass) 
Orhy = Oryzopsis hymenoides (Indian rice grass) 
Spcr = Sporobolus cr tandrus (sand dropseed) 
Arsp = Artimisia spinescens budsage) 
Atco = Atriplex confertifolia (shadscale) 
Cela = Ceratoides lanata (winterfat) 
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APPENDIX B 
Table 11. Percent cover by species in Atriplex type 
vegetation (n = 4). See Appendi x A for key to 
species code . 
Years 
Species 1937 1970 1975 1977 
Hija 0.99 0. 69 1. 29 1. 33 
Orhy 0.05 0.76 0. 91 1. 31 
Spcr 0.075 1. 20 0. 30 0.83 
Total grasses 1.12 2.65 2. 50 3.47 
Arsp 0.02 
At co 4.80 2.91 0. 67 0. 43 
Cela 2.50 1.02 2.17 1.05 
Total shrubs 7. 30 3.93 2.84 1.48 
Total shrubs and 
grasses 8.42 6. 58 5. 34 4.95 
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APPENDIX C 
Tabl e 12. Percent cover by species in Hilaria type 
vegetat i on (n = 2). See Appendi x A for key to 
species code . 
Years 
Species 
1937 1970 1975 1977 
Hija 1.95 1.24 2. 26 2. 20 
Orhy 0.60 0.07 0.20 0.17 
Spcr 0.28 0.08 0.25 0.35 
Total grasses 2.83 1. 39 2 0 71 2. 72 
Arsp 0. 34 
A teo 4. 72 4. 20 1.71 1. 20 
Cela 0.68 1.40 3.60 1.90 
Total shrubs 5. 74 5.60 5. 31 3.10 
Total shrubs and 
grasses 8.57 6.99 8.02 5.82 
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APPENDIX D 
Table 13. Average percent cover for a 11 three vegetation 
types ( n = 16) . See Appendix A for key to 
species code . 
Years 
Species 1937 1970 1975 1977 
Hija 0.98 0.64 1.18 1.77 
Orhy 0. 30 0. 37 0.51 0. 72 
Spcr 0.24 0.53 0.33 0.59 
Total grasses 1.52 1.54 2.02 2.48 
Arsp 0.17 0.02 0.01 0.006 
Atco 4.07 3.01 1.06 0.69 
Cela 2.56 1.77 3.99 2.11 
Total shrubs 6.80 4.80 5.06 2.86 
Total shrubs and 
grasses 8.32 6. 34 7.08 5.34 
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APPENDIX E 
Table 14. Weight-estimate production data for pasture 18 from 1938 to 
1977 (kg-ha) 
Year Grasses Shrubs Annuals Total 
1938 79.9 272.7 15.3 367.9 
1940 24.7 74.7 1.7 101.1 
1941 51.2 209.0 14 .3 274.5 
1942 51.3 90.41 6.1 147.81 
1943 9.7 37.2 .58 47 . 48 
1944 26.2 228.0 3.3 257.5 
1945 35.8 221.0 14.7 271.5 
1947 97.2 502.4 21.5 621.1 
1957 18.8 104 .0 57 . 5 180.3 
1958 31.5 190.0 30.8 253.3 
1967 52.3 238.0 157.8 448.1 
1973 25.0 113.0 253.7 391.7 
1974 21 . 5 20 . 2 7.7 49.4 
1977 54.46 41.02 370 . 7 466.18 
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APPENDIX F 
Table 15. Ash content in percent of major species by date and season 
All samples in growing season were taken in 1977; the winter 
growing season values were reported in 1959 by Cook et al . 
Means followed by the same letter are not significantly 
defined. See Table 1 for identification of species code 
Growing Season 
Species 
Hija Spcr Orhy Arsp At co Cela 
May 7 7.9 7.2 6.3 12.3 12.3 9.0 
May 28 7.3 5.7 6.9 12.3 14.4 8.8 
Jun. 28 8.9 7.1 7.3 13.1 13.7 8.6 
Jul. 26 8.7 7.0 9.4 13.3 14.9 1 o.o 
Aug. 24 7.9 8.1 8.3 15.0 15.3 11.6 
Sep. 22 8.7 6.2 9.1 14.2 16.5 13 . 2 
:X {Species) 8.2bc 6.8c 7.8c 13. sa 14. 5a l0.2b 
x (Grasses and 
7.6b 12. 7a shrubs) 
Winter Growing Season 
Oct. 26 12.9 8.0 9.4 17.5 10.1 
Nov. 26 12.8 8.0 9.9 16.9 8.5 
Dec. 26 13.2 8.4 10.1 17.8 9.8 
Jan. 26 15.9 8.3 9.0 15.8 9.9 
Feb. 24 14.1 9.2 8.8 12.2 9.2 
Mar. 31 14.3 8. 5 8.2 10.2 8.6 
x {Species) 13.8a 8.4b 9.2b 15. oa 9.4b 
x {Grasses and 1 0.4b 12.2a 
shrubs) 
APPENDIX G 
Table 16. Estimates of herbage production for 14 years from 1938 to 1977. These data are means of estimates 
of 6 pastures (Numbers 6, 8, 9, 10, 11, and 18) 
Total Total Perennials Total Shrubs Grasses Precip. 
Year Vegetation Annua 1 s Grass Shrubs Perennials At co* Cela Arsp Orhy Hija Spcr mm 
1938 278.18 12.4 121 . 3 144.41 265.71 77.36 42.15 3.8 21.56 22. 41 71.93 248.92 
1940 119.05 2.5 53 . 32 63.22 116.54 30 .8 12.85 3.46 11 . 78 14.75 24 .. 66 108.71 
1941 256 . 93 21.91 74 . 99 159.47 234.46 92.27 27.2 7.00 9.11 15.89 47 . 62 220.72 
1942 172.78 3.61 77 .27 91 .89 169 .1 6 43 .43 11.87 4. 31 7. 08 14.19 53 . 71 66.04 
1943 90 .95 .83 34.37 55 . 74 90.11 20.83 8.65 2.57 3.04 7.08 22 . 75 153.16 
1944 246.31 2.68 62.07 181.55 243.62 105 . 75 35.46 2.56 10 .83 12.14 38 . 38 119 .63 
1945 284 . 35 18.9 70.21 195.69 265.9 85.85 45.44 9.73 11 .OS 14 . 37 41 . 48 214. 63 
1947 521.9 29.06 152.7 343.02 495.72 235.77 58.86 6.43 33.8 20.55 92 .91 191 .00 
1957 198 . 7 13. 79 67 .44 117.47 184.91 72.53 11 . 77 5.93 7. 71 27.01 29.67 211 . 58 
1958 232.4 8.9 63 .25 160.22 223.47 113.53 10 .83 8.02 10.07 19.82 31.18 122 .93 
1967 377.66 38. 56 109 . 74 229 . 7 132.71 155.68 33.43 9. 61 18.74 26.11 62 . 55 203.7 
1973 344.2 137 .5 37.05 169 .6 206.6 51.46 106 .3 .06 10 .07 13. 63 10 .47 182.62 
1974 80.3 8.3 23.31 48 . 72 72.53 10 .01 35 . 58 . 08 7.49 5.29 8.26 92.20 
1977 352.79 233.8 56.15 60 .24 116 . 39 22.7 32.13 - 19.93 15.48 12 .6 141.98 
*See Appendix A for key to species code. 
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